Objective: Determine the impact of a 2-way text messaging intervention on time to contact between participants and their breastfeeding peer counselors (BFPCs) and on exclusive breastfeeding (EBF) status at 2 weeks and 3 months postpartum. 
INTRODUCTION
Breastfeeding (BF) is the globally accepted reference standard for infant feeding because it confers an array of short-and long-term health benefits to infants and mothers. 1, 2 The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) is the largest maternal-child public health nutrition program in the US, reaching over half of all infants nationwide.
3 Breastfeeding protection, promotion, and support is an integral part of the WIC mandate to improve the nutritional status of infants and is grounded in the evidence-based Loving Support Makes Breastfeeding Work (Loving Support) program that includes BF peer counselors (BFPCs). 4 Breastfeeding peer counselors are paraprofessional mothers who have personal experience with BF and are trained with Loving Support to provide basic BF information and support to other mothers with whom they share various characteristics, such as language, race/ethnicity, and socioeconomic status.
recommendations in a socially and culturally appropriate context and promote BF as an important element in the health of mothers and babies. 4 They are recruited and hired from WIC's target population of low-income women. 5 International Board Certified Lactation Consultants (IBCLCs) provide on-site supervision and support to the BFPCs. The BFPCs' most important tasks are to bridge the continuum of BF care gap with support and encouragement, and to yield to an IBCLC if issues arise between a baby's birth and his or her mother's first postpartum WIC appointment. 4 The time between the baby's birth and the first WIC appointment after the baby is born (the continuum of BF care gap) is when the issue of formula supplementation is most likely to arise and it is also when BFPCs can have their greatest impact. 4 Innovative tools and resources are needed to facilitate the work of BFPCs; text messaging interventions are one such approach.
Evidence-Based Text Messaging Interventions
Text messaging, also referred to as short message service (SMS), allows messages up to 160 characters to be exchanged between mobile devices including cell phones. Two-way mobile phone text messaging is the most popular modality within the mobile health family. Mobile health is defined as "medical and public health practice supported by mobile devices such as mobile phones, patient monitoring devices, personal digital assistants, and other wireless devices." 6 In the US, an estimated 90.0% of all adults own a cell phone and 64.0% own a smartphone. Cell phone penetration is lowest among those who are of low income (<$30,000/y), are less educated (have a high school education or less), and are aged ≤54 years. 7, 8 Evidence from systematic reviews and meta-analyses suggested moderate to strong positive effects of SMS interventions on disease prevention behaviors, particularly smoking cessation, physical activity, and weight loss [9] [10] [11] [12] ; however, little evidence exists as to the effect of SMS interventions on BF behavior. Only 2 studies were published to date [13] [14] [15] and although both found positive effects of the intervention on EBF duration, there is a lack of high-quality, randomized, controlled trial (RCT) evidence testing the effectiveness of SMS interventions on BF behavior. The Lactation Advice Through Texting Can Help (LATCH) study was designed to address this gap.
LATCH Objectives
The LATCH study was a multisite, single-blind RCT built upon a pilot study. 16 It was designed to test the effectiveness of a 2-way text messaging intervention encouraging exclusive BF among women enrolled in WIC, combining in-person prenatal and postpartum BF education and support (BF peer counseling) with mobile health technology (text messaging). The effectiveness of BFPCs was clearly established in the literature [17] [18] [19] [20] [21] ; thus, the text messaging intervention was designed to facilitate the BFPCs' work, not replace it. The objectives of this study were to determine: (1) whether a 2-way interactive SMS intervention shortened time to contact between participants and their BF peer counselors in the immediate postpartum period; (2) whether the intervention affected exclusive BF status at 2 weeks and 3 months postpartum; and (3) whether exclusive BF results differed by key effect modifiers.
METHODS

Study Design
The LATCH study was approved by the Yale University Human Subjects Investigation Committee. It was conducted from August, 2014 to January, 2016 and was registered at clinicaltrials .gov (Protocol No. 1206010472) before the start of recruitment.
Study population. Pregnant women aged ≥18 years who attended the BFPC program at 1 of the 4 study sites were eligible to participate in LATCH. Women also had to be ≤28 weeks gestation, have conceived a singleton, have unlimited text messaging on their mobile phone, and have expressed the intention to breastfeed. Women were excluded from the study if they withdrew from the BFPC program, were carrying multiple fetuses, gave birth prematurely (<37 weeks gestation), or had had a miscarriage. Participants were excluded once the baby was born if medication given to the mother or baby precluded BF, or if the baby spent >3 days in the neonatal intensive care unit or weighed <5 lb.
Study sites and staff. Four WIC BFPC sites in Connecticut participated in the study, representing a federally qualified health center, 2 community-based agencies, and a teaching hospital, all serving low-income and minority women. A total of 3 IBCLCs and 7 BFPCs agreed to participate and took part in a half-day training on the LATCH study protocol in May, 2014. Booster trainings were provided as needed afterward. One IBCLC worked part time at 2 different study sites and 4 of the 7 BFPCs were also part-time employees.
Text messaging platform and text messages. Messages were sent to intervention participants through the Mobile Commons (MC), Health Insurance Portability and Accountability Act of 1996 (HIPAA)-compliant, 2-way text messaging platform that allowed prenatal and postpartum messages to be sent automatically according to a predetermined schedule. The Webbased platform recorded when the messages were sent, whether they were received by the participant, and all message exchanges between participants and their BFPCs. Prenatal and peripartum text messages were developed in English and Spanish during the pilot study, 16 refined and expanded upon with feedback from BFPCs and IBCLCs to cover up to 3 months postpartum for the current study, and sent to participants in their language of preference. Fully consistent with the Loving Support program, message content covered the benefits of BF for mothers and children, showed examples of proper positioning, explained how to tell whether the baby was getting enough milk, debunked BF myths, and reinforced the BFPC's supportive role. The theoretical basis of the text messaging intervention was the Health Action Process Approach to behavior change. [22] [23] [24] Message content was designed to address specific social cognitive constructs of the Health Action Process Approach, including phase-specific self-efficacy and planning. 23, 25 Text messages were sent with increasing frequency prenatally and decreasing frequency postpartum. The researchers initiated text messaging; the first text was sent automatically after study enrollment to confirm participation.
Procedure. Participants were recruited, consented, and enrolled in LATCH by their BFPCs, at which point they received an automated text message from the MC platform asking them to confirm enrollment. Next, each participant was called by a bilingual, bicultural research assistant and asked to complete the baseline interview over the phone. Upon completion, they were randomized into the intervention or control group. Control group participants received the standard of care WIC Loving Support BF peer counseling program. 5 Participants in the intervention arm received the standard of care BFPC program plus the SMS intervention.
The peer counselors in the LATCH study used the MC platform to interact with intervention participants prenatally and up to 3 months postpartum. Message exchanges were regularly monitored by study staff for quality assurance. By study design, control group participants did not exchange text messages with their peer counselors via MC and were instructed not to text their BFPCs via their personal cell phones. A trained bilingual bicultural interviewer who was blinded to the study condition conducted follow-up interviews at approximately 2 weeks and 3 months postpartum. Participants received $10 for the baseline interview, $10 for the 2-week interview, and $25 for the 3-month follow-up interview.
Measures
Outcome variables. The researchers assessed time to contact with BFPCs in the immediate postpartum by asking respondents at the 2-week postpartum interview whether they contacted their BFPC after the baby was born: (1) immediately, (2) within 48 hours, or (3) within 1 or 2 weeks.
Exclusive BF was assessed at 2 weeks and 3 months postpartum using the World Health Organization definition (ie, breast milk only and no other liquids [not even water]), allowing only for token amounts of medical fluids. 26 Partial BF was defined as an infant's consumption of breast milk and formula, but no solids. 27 Breastfeeding status was assessed using a modified version of the Infant Feeding Practices Study II neonatal questionnaire. 28 Participants were asked to reply yes or no to the question: Over the past 24 hours, did you give your baby: (1) breast milk, (2) formula, (3) water, (4) tea, (5) juice, or (6) other? Respondents were then categorized as exclusively, partially, or not BF based on the World Health Organization definition.
Independent variables. Data were collected on maternal biomedical characteristics, BF plans and experience, demographics, cell phone plan and type, and income.
Maternal biomedical characteristics. Data on participants' age, self-reported prepregnancy weight and height, the baby's gestational age at recruitment, and parity were collected upon recruitment. Variables measured at the first follow-up included self-reported number of days after birth that the participant experienced onset of lactation (copious milk production or lactogenesis II) and the baby's age when the 2-week follow-up interview was completed (in days).
Breastfeeding planning and experience. At baseline, participants were asked to report whether they planned to breastfeed exclusively (yes/no) or partially breastfeed (yes/no) and the number of months of each. Previous BF experience (yes/no) was also recorded.
Demographic characteristics. Data on ethnicity (Hispanic/non-Hispanic), marital status (single or never married, married, or divorced/separated/ widowed), whether living with a partner (yes/no), maternal education level (high school grad/ General Education Diploma, less than high school, or more than high school), and language preference (English or Spanish) were collected at baseline.
Cell phone and plan. Type of phone (smartphone or not), data plan (unlimited or not), and plan type (month-to-month or contract) were also recorded.
Income. Participants self-reported their monthly income (≤$1,000, $1,000 to >$2,000, or don't know/refused), and Supplemental Nutrition Assistance Program (SNAP) enrollment (yes or no).
Potential LATCH benefit score. A LATCH benefit score was developed based on adding the presence of 3 indicators that reflected 3 different constructs: prepregnancy body mass index (BMI) (underweight or normal); language preference (English); and planned partial BF duration (planned partial BF for >6 months). Prepregnancy BMI was included because it is a known risk factor for poor EBF outcomes in this population. 29 Language preference and planned partial BF duration were included because of their role in the dropout analysis (described subsequently). All 3 variables were chosen because they are also readily available to WIC providers. One point was added for the presence of each indicator; thus, the score ranged from 0 to 3 points.
Analyses
Study variables were summarized using means and SDs or frequency distributions. The 2-sample t test for continuous variables or χ 2 test of independence for categorical variables were used to determine whether an association existed between each study variable and EBF status at 2 weeks and 3 months postpartum. Because 2 of the descriptive independent variables were not equally distributed across study groups (planned partial BF duration and SNAP participation) ( Table 1 ) (see Results), they were adjusted for in the multivariable ordinal and binary logistic regression models assessing the impact of the LATCH intervention on time to contact and BF status at followup. In addition, the dropout analysis revealed statistically significant differences between study participants (n = 127) and those who were lost to follow-up at 2 weeks postpartum (n = 47) (Figure) with respect to 3 baseline variables: language preference, maternal education, and planned partial BF duration. Compared with participants who remained in the study, those who were lost to followup were more likely to speak English, not to have graduated high school, and to have planned to breastfeed partially for longer. Planned partial BF duration was the only baseline variable that significantly affected the parameter estimates of the multivariable models; thus, each model controlled for this variable. The researchers also conducted post hoc effect modification analyses using a differential LATCH benefit score made up of behavioral or situational factors known to affect BF outcomes. All analyses were completed using SAS software (version 9.4, SAS Institute, Cary, NC; 2013).
RESULTS
Sample
Of participants who completed the baseline interview and were randomized to the intervention or control group (n = 212), 82.0% received the allocated intervention and were included in the baseline analysis (n = 174). The follow-up rate at 2 weeks postpartum was 73.0% (127 of 174) and at 3 months it was 74.1% (129 of 174). The Figure displays the study design and sample selection for the LATCH study.
Descriptive Findings
At recruitment, participants were on average aged 26. Journal of Nutrition Education and Behavior • Volume 50, Number 1, 2018 (Table 1) . Nearly 75.0% of the sample self-identified as Hispanic, 71.8% were single or never married, 69.4% were living with their partner, and 43.0% had graduated from high school or obtained a General Education Diploma. At baseline, participants planned to provide their child with any breast milk for an average of 9.3 months (SD, 5.5), exclusively breastfeed for an average of 5.1 months (SD, 4.9), and partially breastfeed for an average of 4.1 months (SD, 4.8).
All but 2 baseline sample characteristics were equally distributed across groups. Planned partial BF duration was distributed such that women in the control group had a higher average planned partial BF duration than those randomized to the intervention group (5.2 vs 3.2 months; P = .007). The proportion of women whose household used the SNAP program was also not evenly distributed across groups (56.7% in the intervention group vs 38.0% among controls; P = .02). The 2-week postpartum interview took place on average 20.4 days after birth (SD, 11.5 days; median, 17.0 days), with no difference between groups (Table 1) .
Time to Contact with BFPC Immediately Postpartum
The LATCH trial had a significant impact on facilitating early contact between participants and their peer counselors. Nearly 60.0% of women in the intervention group contacted their BFPC either immediately or within the first 48 hours after the baby was born, compared with 34.6% in the control group ( Table 2 ). The unadjusted ordinal logistic regression model showed that intervention group participants had 2.79 (95% confidence interval, 1.33-5.85) increased odds of immediate contact or contact within 48 hours versus contact within 1 or 2 weeks, compared with controls (Table 3) . When controlling for SNAP participation and planned partial BF duration, the effect was strengthened and remained statistically significant (odds ratio = 2.93; 95% confidence interval, 1.35-6.37).
Exclusive BF Status
Bivariate analyses revealed that at 2 weeks postpartum, the effect of LATCH was in the expected direction but not statistically significant (P = .50) ( Table 2) . At 3 months postpartum, there was no association between the intervention and EBF or partial BF status (Table 2 ). In the multivariable models, no effect of the intervention was found on EBF status at 2 weeks or 3 months postpartum (Table 3) .
Post hoc effect modification analyses at 2 weeks postpartum suggested moderate to large differences (ie, of at least 10.0%; range, 11.1% to 33.1%) in EBF at 2 weeks postpartum as a function of language preference, planned partial BF for >6 months, and prepregnancy BMI (Table 2) .
DISCUSSION
The LATCH trial significantly improved early contact between participants and their BFPCs, which reinforced the findings of the pilot study. 16 Early contact with BFPCs using Reasons for exclusion: premature birth (n = 1), withdrew from breastfeeding peer counselor (BFPC) program (n = 1), miscarriage (n = 1), not singleton (n = 1), and <5 lb at birth (n = 1); b Reasons for dropping out: opted out of study (n = 9) and unable to obtain baby's date of birth (n = 6); c Reasons for exclusion: premature birth (n = 4), <5 lb at birth (n = 1), >3 days in the neonatal care unit (n = 1), recruited at >28 weeks gestation (n = 1), and medication at birth precluded BF (n = 1); d Reasons for dropping out: opted out of study (n = 2) and unable to obtain baby's date of birth (n = 8); e Reasons for exclusion: baby's death (n = 1), withdrew from BFPC program (n = 1), and opted out of study (n = 1). 4 This RCT demonstrated that this could be achieved through a 2-way text messaging platform.
Although LATCH was found to be a theoretically sound intervention, 25 it did not have a significant impact on the sample as a whole with respect to EBF at 2 weeks, or EBF or partial BF at 3 months postpartum. The intervention may have helped some mothers more than others. The potential LATCH benefit score suggested that the intervention had a positive impact on EBF at 2 weeks postpartum among women who planned to breastfeed for a longer duration, spoke English, and were not overweight or obese. It is possible that having part-time BFPCs at specific study sites who had the limited ability to respond readily to text messages prevented LATCH from benefiting women who were more disadvantaged and perhaps requested more support than what the clinics were able to provide with incomplete BFPC staffing. This hypothesis was supported by the process evaluation, 30 which found that women in the intervention group who had more queries resolved through 2-way texting communications with their BFPCs, compared with women in the same group with fewer queries resolved, had better EBF rates at 2 weeks postpartum. 30 The study had several limitations. First, approximately 24.5% of the intervention group and 30.0% of the control group were lost to follow-up at 2 weeks postpartum. This may indicate that mothers who remained in the study were highly motivated (ie, had a strong intention) to breastfeed, which might have affected the generalizability of findings to women without the intention or motivation to breastfeed. Second, the study relied on self-reported BF status. Although this introduced the potential for reporting bias, self-reported BF initiation and duration has been found to be both reliable and valid, especially when recalled after a short period. 31 Third, the study lacked the power to test for effect modification because this was a tertiary objective of the study; however, the LATCH benefit score results suggested that less vulnerable women might have benefited more from the intervention. Fourth, these results might not be generalizable to WIC populations beyond Connecticut that have a different ethnographic makeup. The current sample drew from a WIC population that was 51.2% Hispanic.
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IMPLICATIONS FOR RESEARCH AND PRACTICE
The LATCH intervention facilitated early contact between participants and BFPCs but did not have an impact on EBF rates at 2 weeks and 3 months postpartum. Reducing time to contact immediately after birth is of utmost importance in the context of the BFPC program. The earlier a mother who is enrolled in WIC connects with her BFPC, the earlier she will receive personalized BF support and education. Together, BFPCs and their IBCLC supervisors make a strong communitybased team that has a unique role in BF protection, promotion, and support for low-income women in the US.
They bridge the continuum of BF care gap and continue to work with WIC mothers beyond the first postpartum WIC visit. Scaling-up of the LATCH intervention will need to address the demand for services created by LATCH in the immediate postpartum period because this demand will need to be met with adequate BFPC and IBCLC coverage. Future research to determine how to adapt the LATCH intervention to mothers with low prenatal intention to breastfeed appears warranted.
